Objective: The objective of this article is to investigate the effect of Guhanyangshengjing Tablet (GT) on expression of synaptonemal complex protein 3 (SYCP3), a meiotic marker, in the testis tissue of aging male rats. Methods: Forty aging male rats were randomly assigned into 4 equal groups (n = 10 per group). Rats in each group were treated with GT at dose of 0 (control), 1.5 g/kg, 3.0 g/kg or 4.5 g/kg respectively by gavage daily for 30 days. At the end of the experiment, all animals were sacrificed and the blood samples were drawn to evaluate serum testosterone levels. The reproductive organs of each rat were taken and weighted. The right testis of each rat was removed for the analysis of intratesticular testosterone (ITT) concentrations, and the left one was used for immunohistochemical staining. Results: Compared with the control, reproductive organs' weights, serum testosterone levels, ITT concentrations, quality of sperm, and expression of SYCP3 in the GT-treated groups were all improved in a dose-dependent manner. Conclusion: GT can improve testosterone synthesis and promote spermatogenesis simultaneously, indicating that GT is suitable for late-onset hypogonadism (LOH) patients with fertility requirements.
Introduction
Late-onset hypogonadism (LOH), which is also described as partial androgen deficiency of the aging male (PADAM), is thought to be caused by testosterone deficiency in men with aging. It was reported that about 30% of males 50 years and older were suffering from LOH [1] . Many clinical symptoms are associated with LOH, such as muscle weakness, obesity, osteoporosis, fatigue, insomnia, poor concentration, depression, and sexual dysfunction, indicating that LOH is a major public health threat for older men [2] . Testosterone replacement therapy (TRT) has become a popular option for LOH therapy. The sales volume of testosterone preparations keeps rising in the United States, and doubles between 2005 and 2010 [3] . Other parts of the world follow a similar trend [4] . The therapeutic effect of TRT is often satisfactory, but the risks of it should not be ignored. Some potential adverse effects of TRT were also reported, including erythrocytosis, cardiovascular events, gynecomastia, sleep apnea, prostate cancer, etc. [3] . It has been reported that intratesticular testosterone (ITT) is very important to normal spermatogenesis, and the ITT concentration is 50 -100 times higher than serum testosterone levels [5] . Reducing ITT can lead to oligozoospermia and even azoospermia [6] . Supplying exogenous testosterone exerts a feedback inhibition on hypothalamic-pituitary-gonadal (HPG) axis, declines ITT concentration and suppresses spermatogenesis [7] . So, the LOH patients with future fertility desire should not adopt TRT. Finding a new method for testosterone supplementation would be very informative.
As a traditional herbal medicine, Guhanyangshengjing Tablet (GT) is widely used in China to nourish the kidney, strengthen the essence, delay senility, and relieve the symptoms of LOH such as palpitation, dizziness, fatigue, insomnia, and amnesia. But the effect of GT on testicular functions is not clear now. To provide empirical evidence for GT's clinical application in the treatment of LOH, we observed its therapeutic effects on testosterone synthesis and spermatogenesis, and investigated the potential mechanism by evaluating the expression of synaptonemal complex protein 3 (SYCP3), a meiotic marker, in the testis tissue of aging male rats.
Materials and Methods

Drugs
GT was purchased from Tus-Guhan group Hengyang Chinese medicine limited company. The main ingredients of GT are Herba Epimedii, Fructus Lycii, Fructus Ligustri Lucidi, Rhizoma Polygonati, Radix Paeoniae Alba, Semen Cuscutae, and Radix Ginseng. The tablets were powdered, suspended in distilled water and administrated via gavage.
Animals and Experimental Design
Forty adult male SD rats, weighing from 450 to 500 g, were provided by the Animal Center of Sun Yat-sen University (Guangzhou, China). The animals were 20 months of age and were housed individually under a 12 hour light/dark cycle at ambient temperature provided with water and food ad libitum. Rats were randomly allocated into four equal groups (n = 10 per group) and administrated with GT daily at dose of 0, 1.5 g/kg, 3.0 g/kg, or 4.5 g/kg respectively. Thirty days later, all of the rats were sacrificed and the reproductive organs were taken and weighted. Then, the analysis of serum testosterone, ITT, quality of sperm and immunohistochemical staining was performed.
The animal care strictly conformed to the guidelines of the Sun Yat-sen University Institutional Animal Care and Use Committee.
Weighting of Body and Reproductive Organs
Twenty-four hours later after the last gavage, rats were weighed, and anesthetized with ether. The blood samples were collected from the vena cava. Serum was separated for measurement of testosterone. Immediately after blood samples were collected, bilateral testes, epididymides, seminal vesicles and prostates were taken and weighed.
Testosterone Assays
The serum was collected from each rat for quantitative determination of testosterone. About 50 mg testicular tissues from the right were obtained from each rat and homogenized by sonication (2 s × 20 s) in phosphate buffer solution (PBS). Then the tissues were centrifuged at 10,000 g for 10 min and the supernatants were collected for testosterone examination. Testosterone levels in samples from both sera and testicular tissues were measured using a commercially available enzyme-linked immunosorbent assay kit (R & D Systems, Minneapolis, MN), following the manufacturer's instructions.
Sperm Quality Analysis
The excised epididymides from each rat were cut into small pieces, put in 1 ml F12 media containing 0.1% bovine serum albumin and incubated in 34˚C for at least 15 minutes to facilitate sperm transmigration from the epididymis. The numbers of sperm were counted twice using a hemacytometer and averaged. Fresh sperm was loaded onto a prewarmed glass slide to examine sperm motility by microscopy. The percentage of active sperm was counted to assay sperm motility.
Immunohistochemical Analysis
After the experiment, the left testes were dissected, fixed in Bouin's fixative for 12 hours and then embedded in paraffin. Testicular tissues were sectioned at 5 μm thickness for immunohistochemical analysis.
In order to assay spermatogonial proliferation, the expression of a meiotic marker, SYCP3, was detected. Slides were incubated with a 1:500 dilution of the primary antibody (Rabbit anti-SCP-3 [Santa Cruz Biotechnology]). The SYCP3-positive cells in testicular tissue were detected by DAB (3,3'-diaminobenzidine tetrahydro chloride, Sigma) stain as depicted before [8] . The number of SYCP3-positive cells/tubule in cross-section of testes and percentages of SYCP3-positive tubules/section in the rat testes were both counted. At least 50 tubules per testis were counted. All counting procedure was conducted on an Olympus microscope (Center Valley, PA).
Statistical Methods
Data were analyzed using one-way analysis of variance (ANOVA) which was carried out by SPSS 21.0 package (SPSS Inc., Chicago, IL, USA). Results were presented as mean ± SEM. In all cases, probability values of p less than 0.05 were considered statistically significant.
Results
Changes in Body Weight and Reproductive Organs' Weights
As shown in Figure 1 , body weight did not change before and after the treatment of GT. The reproductive organs' weights showed an increasing tendency, but only the changes in 4.5 g/kg group were statistically significant (testis: 1.55 ± 0.17 g, p < 0.05; epididymides: 0.55 ± 0.13 g, p < 0.05; seminal vesicles: 1.34 ± 0.18 g, p < 0.05; and prostates: 0.52 ± 0.08 g, p < 0.01). Figure 2 , the serum testosterone levels of these rats increased after treatment with GT, and the result in 4.5 g/kg group was significantly higher than the control (5.96 ± 1.33 ng/ml vs. 4.89 ± 0.87 ng/ml, p < 0.05). Similarly, the ITT concentrations in each group were also significantly improved after GT administration (the control group: 441.5 ± 54.05 ng/g; the 1.5 g/kg group: 489.7 ± 62.59 ng/g, p < 0.05; the 3.0 g/kg group: 531.1 ± 110.5 ng/g, p < 0.05; the 4.5 g/kg group: 552 ± 104.02 ng/g, p < 0.05).
Effects of GT on Concentrations of Serum Testosterone and ITT
As shown in
Semen Quality Was Improved after GT Treatment
To determine whether the quality of semen changed after the treatment of GT, sperm number and motility were analyzed. As shown in Figure 3 , the sperm number in groups treated with GT at dose of 3.0 g/kg and 4.5 g/kg significantly increased ((13.74 ± 2.78) × 10 6 cells/ml, and (14.34 ± 2.65) × 10 6 cells/ml, respectively, both p < 0.05). The improvements of sperm motility in all of the GT-treated groups were statistically significant ((35.56 ± 7.02)%, (35.43 ± 7.12)%, and (35.83 ± 5.79)%, respectively, all p < 0.05).
Results of Immunofluorescence Staining
The expression of SYCP3 was detected to assess the effect of GT on meiosis. As shown in Figures 4(a)-4(d) , the distribution of SYCP3 increased in the GT-treated groups. According to the results of quantitative analysis, the number of SYCP3-positive cells/tubule cross-section increased in all of the GT-treated groups compared with the controls (the control group: 55.50% ± 7.28%; the 1.5 g/kg group: 66.50% ± 11.50%, p < 0.05; the 3.0 g/kg group: 74.10% ± 10.03%, p < 0.01; the 4.5 g/kg group: 79.20% ± 10.36%, p < 0.01) (Figure 4(e) ). The percentage of SYCP3-positive tubules/section were also increased after the GT administration, but only the change in the 4.5 g/kg group was statistically significant (the control group: 75.96% ± 6.92%; the 1.5 g/kg group: 80.01% ± 6.35%, p > 0.05; the 3.0 g/kg group: 78.98% ± 9.78%, p > 0.01; the 4.5 g/kg group: 85.04% ± 6.69%, p < 0.05 (Figure 4(f) ). 
Discussion
In the present study, we demonstrated that the administration of GT could improve the weights of reproductive organs, increase the testosterone synthesis in vivo and enhance the expression of SYCP3 in testes of aging male rats.
It has been reported that serum testosterone concentrations gradually decline with age in males, which lead to the occurrence of LOH [9] [10]. LOH is a clinical and biochemical state with advancing age, characterized by typical symptoms and low serum testosterone levels [11] . One study have proposed the minimum criteria for the diagnosis of LOH based on the simultaneous occurrence of three sexual symptoms (decreased sexual desires and morning erections, and erectile dysfunction) and total testosterone below 11 nmol/L and free testosterone below 220 pmol/L [12] . Age-related testosterone deficiency is thought to be associated with weight gain and deterioration of general health owing to some chronic diseases, such as diabetes, cardiac, hepatic or renal failure, hypertension, and inflammatory arthritis etc. [3] . Pye et al. has declared that severe LOH was associated with substantially higher risks of cardiovascular mortality, to which both the testosterone concentration and the presence of sexual symptoms contributed independently [10] . Testosterone replacement is widely used for the treatment of LOH, but, as mentioned above, its short-and long-term risks really exist and should not be ignored.
Traditional Chinese Medicine plays an important role in the treatment of LOH in China, Japan and Korea. GT is manufactured according to Yangshengfang, an ancient Chinese medical book about 2000 years ago. As depicted above, GT is composed of 12 ingredients and can tonify qi, essence and marrow, nourish the blood, and invigorate bones and tendons. It has been reported that GT can relieve symptoms relative to LOH including osteoporosis, fatigue, and atherosclerosis [13] - [15] . Zhang YW et al. demonstrated that GT can favorably change the level of hormone and some biochemical indexs in the 20-month-old female rats [16] . Wen ZJ et al. proved that GT can decrease the percentage of distortion and lipid peroxidation in body [17] . But, to the best of our knowledge, the effects of GT on spermatogenesis and testosterone synthesis have not yet been elucidated. In the present study, we selected twenty-month-old male rats as an LOH animal model for examining the effects of GT on spermatogenesis and testosterone levels in vivo.
After the experiment, the weight of body and reproductive organs were measured. No significant change in body weight was observed after GT treatment. We found that testis weight increased after the treatment of GT, which indicated that the function of testis might have been strengthened. This was further proved by the improvement of ITT and serum testosterone level after GT administration. Simultaneously, the weights of epididymides, seminal vesicles and prostates also increased, but only the changes in 4.5 g/kg group was statistically significant, which indicated that GT might work in a dose-dependent manner. This phenomenon is presumed to be caused by the increase of serum testosterone concentration.
We continued to examine the changes of semen quality in epididymis and found that the sperm number and motility increased significantly after the administration of GT, which is thought to be due to the enhanced ITT concentrations caused by GT. In order to determine whether GT treatment affect spermatogenesis, we thereby observed the expression of a meiotic marker, SYCP3, by immunohistochemical analysis. As a result, we detected that the SYCP3 expression was significantly enhanced in the GT-treated groups, especially in the 4.5 g/kg group, when compared with the control group. The increase in the number of germ cells immunopositive for a differentiation marker, SYCP3 after GT exposure suggests that GT treatment induced germ cell differentiation in vivo. Our results also indicate that GT can improve meiotic spermatogenesis in a dose-dependent manner. During the experiment, the weights of rats didn't change obviously, and no serious adverse symptoms associated with GT administration were found, which indicated that treatment with GT might be quite safe for LOH patients.
Conclusion
In conclusion, our results indicated that GT might have a positive role in function of Leydig cells. The administration of GT can enhance testosterone concentrations in vivo, relieve LOH symptoms, and improve spermatogenesis. GT might be a safe therapy for LOH patients with a future fertility desire.
